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EXECUTI VE SUMVARY

The Assistant Chief of Staff for Installation Managenent (ACSIM
is funding a $300 mllion, 5-year program beginning in FY 1998 to
repair with operation and nmai ntenance account (OVA) dollars
failing central heating plants and distribution systens. The
purpose of this programis to nodernize old and failing centra
heati ng plant equi pnment and distribution systens in such a way
that the noderni zed plants and distribution systens will provide
the installations with reliable, safe, energy efficient and
environmental ly friendly service.

| NTRODUCTI ON

The Arny has a large utility infrastructure, approximately $15
billion in plant replacenment value (PRV), that is in fair to poor
condition. Current mai ntenance and repair funding levels for
utility plants are inadequate at 1 percent of PRV. The Arny
strategy is to privatize utilities to the maxi num extent

possible. By privatizing, installations wll better neet
mandat ed manpower reductions while inproving the quality of
utilities. Wen utilities cannot be privatized, they need to be
nmoderni zed. Arny strategy is to focus utilities nodernization on
the $1.2 billion worth of central heating plants and distribution
systens that are least likely to be privatized. The
noder ni zati on of heating systens al so saves OMVA dol |l ars because
of nore efficient equi pnent, reduced fuel requirenents,

el imnated steam and hot water |eaks, and reduced manpower
requirenents.

The Arny has programed $60 million per year fromFY 1998 through
FY 2002 for Central Heating Plant Mdernization in POWS8-03.
Criteria used to prioritize nodernization is the Installation
Status Report (ISR); cost of operation in dollars per mllion
kilojoules (British thermal units), maintenance and repair;

engi neering anal ysis; saving-to-investnent ratio (SIR); and the

| ack of opportunity to privati ze.

A prelimnary list of projects for heating plant nodernization
has been devel oped for about two dozen installations.
Installations eligible for the Central Heating Pl ant



Moder ni zation in Fiscal Year 1998 are Forts Meade, Jackson,

Lew s, Benning, Belvoir, Drum and Aberdeen Proving G ound.

Fi scal Year 1999 Forts Jackson, Eustis, Canpbell, Carson, Benning
and Wai nwight are scheduled. Fiscal Year 2000 covers Forts
Carson, Leonard Wod, Belvoir, Wainright; Aberdeen Proving G ound

and Redstone Arsenal. Fiscal Year 2001 has schedul ed for the
program Forts Stewart, Gordon, Riley, MNair; and Redstone
Arsenal. The final year (Fiscal Year 2002) has in the program

Forts Gordon, Rucker, Lee, Dix, Hood, Myer; and Carlisle
Bar r acks.

During this 5 year period, projects at these Arny installations
wi |l be assessed by a validation teamfrom A ACSIM the U S. Arny
Center for Public Wrks (USACPW, the U S. Arny Corps of

Engi neers Construction Engi neering Research Laboratory (USACERL),
the U S. Arny Corps of Engineers Cold Regi ons Research and

Engi neeri ng Laboratory (USACRREL), the | ocal Corps of Engineers
District, and the Major Command (MACOV). The purpose of these
site visits is to assist installations in project devel opnent and
al so to validate the project.

BACKGROUND

Many of the central heating plants are 30 to 40 years old and are
nearing the end of their design life. These plants experience
poor energy performance and reliability. Wwen it is tine to
replace the plant, either the sanme type of systemis used or the
design team may give up on central heating plant and replace it
with individual boilers in each building. These solutions nmay or
may not be the best. The followng identifies nethods and

gui delines to evaluate heating plant options and sel ect the nost
efficient, cost-effective heating supply.

CONDI TI ON ASSESSMVENT

The first step is to assess the condition of the central heating
pl ant and distribution systemor the individual heating systens.
The Installation Status Report (ISR) is used to assess the

condi tions of systens and subsystens. The ratings are red for
poor, yellow for sone deficiencies , and green for good. The

i ndi vi dual systens and subsystens ratings are rolled into a
single rating or Cl for excellent, C2 for satisfactory, C3 for
poor, and C4 for failed or failing. The ISR ratings were used in
selecting the projects for the Central Heating Pl ant
Moder ni zati on Program Since the ISR is an inportant tool for
Arny planners, the installation should have current ISR ratings
for their heating plants and distribution systens.

Anot her useful assessnment tool is the Status Quo program This



program can provide estimates of the useful life of boiler plant
equi pnent and the approxi mated cost of nobst systens, including
ancillary equi pnment. The Status Quo programis one conponent of
a series of prograns being devel oped by the USACERL to eval uate
conversion alternatives. Status Quo is a m croconputer program
that estimates the life cycle costs of maintaining an existing
energy plant in its present condition, thereby providing a
baseline for conparing the life cycle costs of alternatives to
status quo: nodernization, retrofit, or construction of a new

pl ant. USACERL Technical Report FE-95/13 entitled THE CENTRAL
HEATI NG PLANT STATUS QUO PROGRAM and dated March 1995 expl ai ns
the Status Quo program

Boil er inspection is also inportant to assess the condition of
the heating plants. As per AR 420-49, all high pressure steam
boilers with pressures above 103 kil opascals (kPa) (15 pounds per
square inch gage or psig) and all high pressure/tenperature water
boilers with tenperatures above 120 degrees C (250 degrees F) in
active use shall be inspected. Inspections shall be made per the
rules for Inspections, Section VII, Care of Power Boilers,
Anerican Soci ety of Mechani cal Engi neers (ASME) Boil er and
Pressure Vessel Code. Cenerally, boilers shall be inspected

sem annually. The primary inspection will be both internal and
external and the secondary inspection will be external under

st eam pressure.

Some MACOMs fund their own high pressure boiler inspection
program Qher installations can issue their own contract.

Al so, USACPW has hi gh pressure boiler inspection contract.
Install ati ons can issue delivery orders through their | ocal
contracting office against the USACPW contract, by sending the
funds to USACPW This contract now covers boiler inspections
(internal, external, etc.); ASME stanped unfired pressure vesse
i nspections (limted to vessels located in boiler plants,

i ncludes air receiver tanks and deaerators); and eval uation
services to include integrity studies and failure anal ysis.

Di stribution systens al so need inspection, especially the buried,
under ground system USACERL Technical Report entitled M91/01
MODERNI ZATI ON OF EXI STI NG UNDERGROUND HEAT DI STRI BUTI ON SYSTEMS
and dated MARCH 1991 covers mai nt enances of underground

di stribution system manholes and is a useful docunent in
preventive mai ntenance of these systens and assessing the

di stribution system s condition.

DESI GN ALTERNATI VES

Several different designs can be selected. These include: steam
versus high tenperature hot water versus | ow tenperature hot



wat er; central heating plant versus individual heating units for
each buil di ng; and aboveground, shallow concrete trench, or
buried distribution systens. However, it is inportant to

under stand t he advantages and problens with these different

desi gns.

Lessons Learned on Heat Distribution Systens

Wy is heat distribution inportant? Arny has about 5,150
kilonmeters (3,200 mles) of heat distribution lines. At $1, 000
per nmeter ($300 per foot), the replacenent cost is $5.1 billion.
Excess heat loss in heat distribution lines |ocated on Arny
installations in the continental United States is about $30
mllion/year. Boiling manhole can cost between $50,000 to

$125, 000 per year in |ost energy.

The Federal Agency Commttee (FAC) on Underground Heat
Distribution Systens was formed in the 1970's to study

di stribution systenms. The FAC had representatives fromthe Arny,
Air Force, Navy and Departnent of Veterans Affairs. The FAC
goals were reliable heating and cooling exterior distribution
systens; systens achieve long life; and research and devel opnent
activity. The procedure was for the FAC to preapprove conduit
type underground heat distribution systens. The manufacturer
foll owed test protocols and, if passed, they were awarded a
letter of acceptability which is included in their product
brochure. The FAC is not now active.

Probl ens with underground distribution systens pronpted a USACERL
study. Thirty-five systens on 15 installations were studied in
1993. The findings were that drai nable, dryable, air pressure
testable (DDT) type of underground heating distribution systens
with fiberglass casing failed nore than 90% of the air pressure
tests. This air pressure test is performed by pressurizing the
conduit with 103 kPa (15 psi) of pressure and seeing if the
conduit will hold the pressure. The USACERL study al so found
that many systens were not installed correctly. For exanple,
steam and condensate were installed in the sane conduit; this is
not acceptabl e al though high tenperature hot water supply and
return may be in sanme conduit. Oher findings were conduit drain
pl ugs were mssing; steel drain plugs used instead of brass drain
pl ugs; manhol es that were spaced nore than 150 neters (500 feet)
apart; slope of distribution was not steeper than 42 mllineters
per 10 neters (1 inch per 20 feet); manholes were too snall to
work in; conduit vents were sonetinmes plugged; certificate of
conpliance by contractor not provided. The certificate of
conpliance is a notarized statenment signed by officers of both



the manufacturing firmand the contractor firmthat the system
has been installed according to the contract and the approved
product brochure. Many tinmes the supplier representative's field

reports could not be located. It is the responsibility of the
representative to observe unl oading of material and inspect the
mat eri al; inspect trench before laying of conduit; inspect thrust

bl ocks and col d springing of conduit; conduit air test; and
backfill of trench

In addition to the USACERL study, |ong running distribution
studi es have been conducted at Fort Bragg, N C ; Fort Jackson,
SC, and Fort R ley, KS. At Fort Bragg the distribution system
has been studied since 1983. The goals of the study are

condi tion assessnent of manhol es and manhol e internal s and
determ ne inpact on systemlife expectancy; collect naintenance
and operation information to provide design and materi al

requi renents; and prepare recommendations for corrective actions
on each manhole to increase distribution systenmis life.

The study at Fort Jackson, SC, consisted of 3 phases. Phase |
installed 4,100 neters (13,500 feet) of direct buried conduit and
1,100 nmeters (3,500 feet) of shallow concrete trench. This was
conpleted in August 1986. Phase Il installed 2,000 neters (6,500
feet) of direct buried conduit and 3,200 neters (10,500 feet) of
shal | ow concrete trench. This was conpleted in January 1988.
Phase Ill installed 3,350 neters (11,000 feet) of fiber-glass
reinforced plastic (FRP) conduit and was conpleted in February
1987. Additional direct buried systenms and a shall ow trench
system al so were inspected for additional information.

The study at Fort Riley installed in 1984 1,500 neters (5, 000
feet) of direct buried conduit (Perma-Pipe) in Custer Hll Area
and 1,500 neters (5,000 feet) of concrete trench with the trench
tops at grade | evel.

Results of these studies at these 3 Arny installations show that
direct buried FRP conduit systenms do not |ast 25 years; shall ow
trench systens performvery well; the new design raised top
manhol e with screened side panels and hi nged al um num covers
perfornms very well for both shallow trench and direct buried
conduit systens; direct buried steel conduit systens with new
manhol e design perfornms very well.

For wall penetrations, caul king conpounds are not good; need
metal sleeve with water stop at the manhole wall penetration with
a link seal between the sleeve and the conduit casing; materi al

of link seal should be rated for operating tenperature. Zinc-
rich coating on end plate is excellent. Water jet type sunp
punps are unreliable. Platformmounted electric sunp punps are



general ly unreliable unless sunp punp is used with new design
rai sed top manhole. Field welds to connect carrier pipes are
maj or cause of failure. Construction criteria has been revised
to require 100% wel d i nspecti on.

As a result of the survey and on-going distribution studies, the
follow ng policy was adopted in October 1994 for Heat
Distribution Systens (HDS). For Arny Heat Distribution Systens
wWth carrier pipe tenperatures of 95 degrees C (200 degrees F)
and above:
ALL SITES:
Heat Distribution systens for all sites will be selected in
the foll ow ng order of preference.

a. Abovegr ound
b. Shal | ow Concrete Trench
C. Direct Buried

Direct Buried systens shall only be provided where aesthetics or
functional requirenments preclude the use of aboveground or

shal | ow concrete trench systens. Direct Buried systens shall use
fixed end seals only. dand type end seals wll not be
permtted. Direct Buried systens, when used, shall be provided
i n accordance with Corps of Engi neers Guide Specification (CEGS)
02695 and the following criteria. CECG 02695 gives the Site
Classification definitions. These classification are base on
where the water table is expected to be in relationship to the
under ground systens and al so how nuch surface water is expected
to accunmul ate and remain in the soil surrounding the underground
syst ens.

BURI ED CLASS A Sl TES:

Where a direct buried systemis required, only class A drainabl e,
dryabl e, air pressure testable (DDT) systens with steel casings
w |l be used.

BURI ED CLASS B Sl TES:

Where a direct buried systemis to be provided, only class A DDT
systens with steel casings or class B water spread limting
systens will be used.

BURI ED CLASS C AND D SI TES:
Were a direct buried systemis to be provided, only class A DDT

systens with steel casings, class B or class C water spread
l[imting systens wll be used.



Techni cal Manual TM 5-810-17, HEATI NG AND COOLI NG DI STRI BUTI ON
SYSTEMS, May 1994, provides criteria and gui dance for the design
and construction of heating and cooling distribution systens.
This technical manual al so gives the design details of the raised
top manhol es. This manual says that in nost circunstances,

experi ence has shown that aboveground systens are the nost life
cycle cost effective. Experience has also shown that the

mai nt enance and repair costs of shallow concrete trench systens
are lower than for direct buried systens, and they nust be
included in the life cycle cost anal ysis.

To conply with | atest Federal Acquisition Regulations (FAR
requirenents and to elimnate the use of prequalification
requirenents for the high tenperature prefabricated underground
heat distribution systens, a new guide specification was prepared
in 1997 by the mechanical center of expertise in the Mbile
District. The new specification is Corps of Engi neers Cuide
Speci fication 02695 PRE- ENG NEERED UNDERGROUND HEAT DI STRI BUTI ON
SYSTEMS. It includes material and performance requirenents based
on existing Class A systens with steel casings and the existing
Class B and Cl ass C systens.

DESI GN CONS| DERATI ONS

The foll owm ng shoul d be consi dered when sel ecting whether to use
steam or hot water distribution systens and central versus

i ndividual units. Steamdistribution has an advantage over hot
wat er distributions because steamrequires |ess punpi ng power.
Steamis al so necessary for sone industrial processes and is well
suited for many nunitions processes needi ng heating w thout
flames or conmbustion. However, steam systens have nuch greater
makeup rate than hot water systens and require nore nai ntenance
because of steamtrap replacenent. Hot water systens have | arge
thermal inertia with the | arge volune of water between the
central heating plant and the user acting |like a heat reservoir.
Hot water systens nay require | arger pipe sizes than steam
dependi ng upon the tenperature drop sel ect ed.

Above ground distribution systens have the |lowest first cost and
| owest mai ntenance costs of any distribution system However,
many installations do not want these systens because they
consider them a visual nuisance. These above ground systens can
be successfully integrated into the installation’s | andscaping
pl an. The concrete shallow trench provi des easy access for

mai nt enance and repair by renoving the concret tops. These
exposed tops nmay be used as sidewal ks if the systemis installed
at grade. These shallow concrete trenches should not be routed
t hrough existing flood plains or in areas where seasonal water



accunul at es.

For central heating plant versus individual heating units in each
bui |l di ng, consider the thermal |oad and area. For an area to be
favorabl e for district heating systens, the thermal |oad density,
which is the ratio of the peak diversified heating load (in
MBt u/ hr) divided by the area (in acres), should be above 0.7.

Anot her consideration for central versus individual systemis the
nor e mai nt enance and personnel requirenents for servicing the

i ndi vi dual heating systemunits.

CONCLUSI ON

Wth the Central Heating Plant Mdernization Program and the
coordi nati on between the installations, ACSIM the |ocal Corps of
Engi neers District, MACOVMs and the USACPWand with the expertise
in central heating plants provided by USACERL and USACRREL, nuch
t hat has been | earn about distribution systens can be
incorporated into the nodernized project. Mddernized heating
systens will result in nore reliable, state of the art equi pnent
which will increase m ssion readiness, mnimze pollutants, save
OVA dol lars, and increase quality of life.



